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Selected Universities
This research investigation focused on five institutions including North Carolina Central University (NCCU) that each has some type of inquiry based laboratory on their John Dewey, the leader of the progressive education movement became an advocate for the investigative approach for science laboratory exercises. As the movement continued, the debate about the best way to teach laboratory exercises to promote student learning arose.
Since give the students a better appreciation of science methods, promote problem-solving, and improve their analytical skills (Hofstein and Lunetta, 1982) .
Three decades ago, Hofstein and Lunetta (1982) proposed that laboratory exercises were a great asset to learn science. They reviewed several studies that compared how the instruction was provided during these laboratory sessions (i.e., as a 'laboratory group', a 'demonstration group'; and a 'discussion group') and it was determined that there were no significant differences between student learning in those students who performed traditional laboratory experiments versus those students who viewed filmed laboratory experiments. The only area that showed a measurable advantage over the other modes of instruction was the mode of instruction that enhances the development of laboratory skills (Hofstein and Lunetta, 1982) . It was determined that exercises which involved the development of laboratory skills allowed students to be creative and combine ideas and techniques in an innovative way. Inquiry based or investigative laboratory exercises provided students with the best opportunity to not only increase their comprehension, but also to develop their creative thinking and problem-solving skills as well.
Traditional laboratory exercises often lead to a narrow conception of science and is often unrelated to the capabilities and interest of the students (Hofstein and Lunetta, 1982) . In contrast, when students are performing inquiry based laboratories, they can appreciate the thought process of a scientist when they are engaged in actual hands-on exercise (Hofstein and Lunetta, 1982) .
Inquiry based laboratory exercises also enhances the students' ability to recognize problems and apply the scientific method, and develop a conceptual understanding and improve their intellectual ability (Hofstein and Lunetta, 1982) . More recently, the benefits of the laboratory exercises used to learn science were re-evaluated when science educators stated their concerns about how the outcomes of these laboratory exercises were not as obvious (Hofstein and Lunetta, 2003) . In the thirty years since their review, Hofstein and Lunetta stated that the science education community has expanded its knowledge on students' understanding of science concepts and the nature of science. There has been an increase of advanced technology tools for teaching, learning, and research in the school laboratory that has led to a paradigm shift in how social science researchers evaluate science classroom and laboratory practices (Hofstein and Lunetta, 2003) . As a result, there has been an increase in research on learning aptitudes and metacognition.
Metacognition supports the notion that inquiry based laboratory instruction increases observational, manipulation, and cognitive skills that reflect the true understanding of scientific concepts. For the purposes, metacognition is a students' reflection on their own thought process about what is required to learn science. It is believed that it is this application of one's' thought process that increases the students' comprehension of the subject material. Science educators believe that implementing science as inquiry within laboratory courses involves strategies to increase instructional effectiveness and the outcomes of assessment strategies within the curriculum standards (Suits, 2004) .
Traditional Laboratories and Laboratory Methodologies Used for Science Education
For several years, students have performed laboratory experiments with a set of pre-determined known outcomes. These types of experiments are henceforth referred to as traditional laboratory experiments that have been the most common approach within laboratory courses in science for decades. However, this approach highlights laboratory techniques while decreasing the development of investigative skills (Suits, 2004) . These traditional laboratory experiments provide students with pre-determined outcomes that are often verified by a step-by-step approach, fill in the blank data sheet, and 
h a r a c t e r i z e d b a c t e r i o p h a g e l i s t e d i n t h e
Mycobacteriophage database.
Inquiry Based Science Education Laboratories
There are several inquiry-based laboratories implemented at various institutions within the United States, but this research study will only focus on three inquiry-based genes, and the discovery of homologs. indicated that the high diversity of the bacteriophage population, the preponderance of novel genes, and the mosaic architecture of the genomes provide a high promise of discovery for each participating student. The opportunity for students to discover novel genes and viruses is important since it is stimulating and highly motivating, providing a strong encouragement for students to become engaged in scientific research and to maintain their involvement even through the more challenging aspect of their projects (Hatfull et.al , 2006 
Other Institutions that Implement Genomics Courses
Cabrini College
Cabrini the students retained and acquired a great understanding of the information that was taught in the course. The assessments allowed the instructor to recognize if the students had improved their knowledge within the field and if there were any changes in the students' attitudes towards research in Genomics (Campbell, 2003) .
James Madison University
In 1908 James Madison University, they believe that incorporating hand-on, inquiry based activities provide a superior learning environment for science major students.
University of Maryland Baltimore County
The University of Maryland Baltimore County (UMBC) is a public research university that specializes in natural science and engineering located in Baltimore. Known for its
Meyerhoff Scholars Program, it has a current enrollment of 13,000 students. The initial gift of $500,000 that created Apollo, GeneMark, GeneMark TB, GBrowse, Glimmer, and
Phamerator. These algorithms were used to define potential genes, assign putative function to the genes, and determined the order in which they appear in the genome.
In the Analyze section of the 'in silico' component, the quality of the sequence was assessed by elucidating the genomic properties, and the preliminary genome structure and organization were characterized. The elements, such as coding potential, start and stop codons, and shine dalgarno predictions are important in transcription, translation,and non-protein-encoding genes are genomic features that were used to identify and define the genes.
In the 'Discover section', it was necessary to identify the arrangement of the putative genes across the entire 
Longitudinal Study Attrition
During the Spring semester of Year 1, the number of students decreased by ~30% (or 8 students), which may be a result of students' perception of the 'in silico' computer laboratory component. In general, they perceived it to be less interactive as the in the laboratory bench experience as described in Table 1 . Freshman science majors exposed to 6 computerbased annotation programs (Apollo, GenBank, GeneMark TB, GeneMark, Glimmer, Phamerator).
The annotation software which consisted of the 6 different computer programs was time consuming and not user friendly. 
Research Outcomes
This year long research project was split into two major parts, an 'In Situ' portion followed by an In Silico portion. In the 'In Situ' portion, the bacteriophage was isolated by collecting soil samples and purified by plaque screening.
The authors then performed a spot test, a phage titer assay, and conducted the final purification with phage lysate which then allowed the phage to be sequenced. Once the sequencing was completed, the 'In Silico' process begins.
In this process, computer based algorithms are used to define potential genes and their function and position for annotation. These algorithms are conducted using the following DNA software programs -DNA Master, GeneMark, Genemark TB and Glimmer. DNA Master is a sequence editor and analysis package that combines, analyzes, and displays data from a variety of DNA analysis programs, including GeneMark, Glimmer, Aragorn, and BLAST.
GeneMark calculates the probability that the given DNA sequence codes for an ORF in 1 of 6 possible frames.
GeneMark TB is used to indicate the coding potential.
Coding potential is the likelihood that a given portion of the genome codes for a protein. Table 2 provides the detailed information regarding the discover y and characteristics of Bacteriophage NuevoMundo. Table 2 Biology Courses] longitudinal study. Freshman science majors were exposed to DNA Master Freshman science majors were exposed to DNA Master. A suite of 6 computer based annotation programs (Apollo, GenBank, GeneMark TB, GeneMark, Glimmer, Phamerator).
Contamination
No micro graph images of the bacteriophages that were isolated Students wanted to continue the in situ portion during the spring semester, rather than the in silico portion.
Students felt like the course was trying to combine two different fields of study into one course. Students expressed more likeness to either the in situ portion or the in silico portion, but did not like the combination of both. Table 3 . Students perspective on the course pro's and con's for HHMI-SEA Phage Genomics implementation at NCCU in Year 2 of the longitudinal study software and the suite of 6 genome computer-based annotation programs (unfortunately, students felt that too much was packed into one course and they preferred to continue with portions of the experimental process as well). General Biology II; to help the students better to apply concepts; and provide students with an early exposure to research. It was anticipated that this experience would motivate students to strive for better class participation and strive for better lecture and laboratory grades. By participating in this NGRI project, students were "doing science" with an enhanced ability to investigate a real-world problem, interpret the data and make conclusions about their results. The results of this research are extremely meaningful because the data generated by the students will be used by other researchers to answer medical, ecological, and evolutionary scientific questions, thus underscoring the collaborative nature of science as a result of the SEA.
Continuation of the PHAGES Genomics
In General Biology I, with the genomics-based laboratory course, the first few weeks of the fall semester are used to orient the students with basic science skills. This includes familiarizing the students with scientific equipment, using aseptic techniques, maintaining bacterial cultures, and performing serial dilutions. This course was team-taught by two biology instructors and two biology graduate students.
Instructors were present to show the students proper techniques and answer any questions that the students may have had, while the graduate students were available in case additional assistance was needed during class.
After the first year of this course implementation, there was an 80 % pass rate or better from the fall semester genomics course to the spring semester genomics course.
After the first semester of this course implementation, authors observed several things that worked to the benefit; for example, even though the laboratory component does not reinforce the lecture material, here was an increased student retention (80% pass rate or better) from General Biology I to General Biology II. Upon reflection, authors would also make changes within the Genomics laboratory course, such as allowing the students to work at their own pace rather than trying to keep the entire class working at the same pace. In addition, laboratory notebooks should be checked early and on a more frequent basis throughout the semester.
A short term goal has shown that participation in this PHAGES genomics research course has motivated students to participate more in class and strive to obtain better lecture and laboratory grades. A long term goal would be that by improving the students' overall educational experience, they would seek out summer research programs after their freshmen and sophomore year and subsequently pursue graduate degrees and careers in the science field. Table 4 . Table 4 Through the technology re-engineering of the genomic science education courses the instructional delivery methodologies were re-adapted to take advantage of technology, resources, and multiple student learning styles.
Thus, all of the course examinations were re-designed to increase student learning in genomics. Exams were open-book, take-home, and made active use of internet websites and online resources. Due to the intensity and length of the exams, the usual time allotted for test completion was between 8 to 24 hours and required an intense dedicated effort. In some cases, students were given several days to complete the exams (due to length and the amount of allotted genomic work).
In terms of student learning outcomes, the vast majority of institutions that were using re-engineered genomics 
